At present, frontal magnetic clutches and plane magnetic systems are widely used to ensure complete sealing of the interior of equipment (pumps, com pressors, mixers, transporters, and hoists) and to protect operating personnel and the environment from toxic materials [1] . The main deficiency of frontal magnetic clutches and plane magnetic sys tems is the presence of attractive and repulsive forces between the opposing permanent magnets in their components. These forces increase with decrease in the air gap between the magnets.
In normal operating conditions of sealed equip ment, attractive forces act between the half clutches of the frontal magnetic clutches (along the axis of rota tion) or the sections in the plane magnetic systems (perpendicular to their direction of motion) [2] . Those forces act on the roller or slip bearings of drive shafts and driven shafts in machines or sealed transporters.
In emergencies, when the torque on the executive organ or the tractional force is greater than the limiting value, the magnetic coupling between the components is lost. If matching of the half clutches or magnetic sections is disrupted, then those components will be attracted together (with consistent magnetization of the magnets) or repelled (with opposing magnetiza tion of the magnets). Loss of matching results in alter nating loads.
It follows from the foregoing that, at the design stage, the attractive and repulsive forces of permanent magnets must be determined. The calculation of the attractive forces was considered in [2] .
We assume that the attractive and repulsive forces of the permanent magnets in the system components are equal and opposite. We will verify this hypothesis experimentally.
The experiments are conducted on a special test bench. In Fig. 1 , we show the configuration of the sec tions in plane magnetic system with highly coercive permanent magnets when measuring the repulsive forces. In Figs. 2 and 3 , we present the experimental dependence of the unit attractive (F un.at ) and repulsive (F un.re ) forces in the sections of the plane magnetic sys tem on the air gap δ between the magnets. The table presents the values of the unit attractive and repulsive forces.
The unit repulsive force of the magnets is calcu lated from the formula
where F re is the repulsive force of the magnets in the plane magnetic system, N; S is the surface area (upper or lower) of the magnets, cm 2 
.
Analysis shows that the unit repulsive forces for most magnets are less than the unit attractive forces. The unit forces are approximately equal for the air gap δ = 12 mm. The same is true for magnets that are not rectangular prisms (Fig. 4) . Abstract-A formula is derived for calculating the repulsive force of highly coercive permanent magnets made from rare earth metal alloys in frontal magnetic clutches and plane magnetic systems, when the mag nets take the form of rectangular prisms. DOI: 10.3103/S1068798X13040114 Frontal magnetic clutches and plane magnetic sys tems with δ = 3-8 mm are widely used. As is evident from the table, the unit repulsive forces within this range are no more than 90% of the unit attractive forces. Therefore, the overall repulsive force between the components of the frontal magnetic clutch or plane magnetic system may be calculated from Eq. (11) of [2] (1)
Repulsive Forces of Highly
With air gaps δ > 8 mm, we recommend that the total repulsive force between the components be assumed equal to the total attractive force (2) In practice, with mismatch (rupture) of the mag netic coupling, one section of the magnetic system remains motionless, while the other moves horizon tally by a single magnet, as shown in Fig. 3 of [3] . In the other words, the contact includes (m -1) pairs of magnets, where m is the number of magnets in a single component of the system (Fig. 5) . In that case, Eqs. (1) and (2) take the form
The results permit calculation of the total repulsive force of the highly coercive permanent magnets in the system. That force may be taken into account in the design as the additional force (load) in selecting the roller bearings.
Our research also shows that, when δ = 3-8 mm, the repulsive force is less than the attractive force between the half clutches in the frontal magnetic clutch. In cal culating the repulsive force within that range, a value of 90% of the attractive force may be assumed. When δ > 8 mm, the attractive and repulsive forces are close (when δ = 12 mm, they are practically equal), and they may be assumed equal in the calculations. 
